In real-life decisions, usually we happen to suffer through different states of uncertainties. In order to counter these uncertainties, in this paper, the author formulated a transportation problem in which costs are triangular intuitionistic fuzzy numbers, supplies and demands are crisp numbers. In this paper, a simple method for solving type-2 intuitionistic fuzzy transportation problem (type-2 IFTP) is proposed and optimal solution is obtained without using intuitionistic fuzzy modified distribution method and intuitionistic fuzzy zero point method. So, the proposed method gives the optimal solution directly. The solution procedure is illustrated with the help of three real life numerical examples. Defect of existing results proposed by Singh and Yadav (2016a) is discussed. Validity of Pandian's (2014) method is reviewed. Finally, the comparative study, results and discussion are given.
Introduction
In several real life situations, there is need to transport the homogeneous product from numerous origins (sources) to different destinations and the aim of the decision maker is to find how much quantity of the product from which source to which destination should be supplied so that all the supply points are fully used and demand of all the destinations is fulfilled as well as total transportation cost is minimum. The classical transportation problem is a special class of linear programming problem in which all the constraints are equality type, widely used in the areas of inventory control, communication network, aggregate planning, employment scheduling, and personnel assignment and so on. Depending on the nature of the cost function, the transportation problem can be categorised into linear and nonlinear transportation problem.
The unit costs, that is, the cost of transporting one unit from a particular supply point to a particular demand point, the amounts available at the supply points and the amounts required at the demand points are the parameters of the transportation problem. Efficient algorithms have been developed for solving transportation problems when the cost coefficients, the demand and supply quantities are known precisely.
In the history of mathematics, Hitchcock (1941) originally developed the basic transportation problem. Koopmans (1949) presented optimum utilisation of the transportation system. Charnes and Cooper (1954) developed the stepping stone method (SSM), which provides an alternative way of determining the simplex method information. The transportation algorithm for solving transportation problems with equality constraints introduced by Dantzig (1963) is the simplex method specialised to the format of a table called transportation table. It involves two steps. First, we compute an initial basic feasible solution for the transportation problem and then, we test optimality and look at improving the basic feasible solution to the transportation problem. An introduction to operations research (Taha, 2008) deals the transportation problem where all the parameters are crisp number.
In conventional transportation problem, availabilities, requirements and costs are fixed crisp numbers. Therefore in this situation the decision maker (DM) can predict transportation cost exactly. On the contrary, in real world transportation problems, the costs are in uncertain quantities with hesitation due to various factors like variation in rates of fuels, traffic jams, weather in hilly areas etc. In such situations the DM cannot predict transportation cost exactly. So to counter these uncertainties, Atanassov (1983) proposed the intuitionistic fuzzy set which is more reliable than the fuzzy set proposed by Zadeh (1965) . In case of transportation problem, with the help of intuitionistic fuzzy set theory, the DM can decide about the level of acceptance and non-acceptance for the transportation cost or profit. Therefore, the application of IFS theory becomes very popular in transportation, decision making, planning, manufacturing, scheduling, etc.
Due to the lack of certainty in the parameters of a crisp transportation problem, several researchers like Oheigeartaigh (1982) , Chanas et al. (1984 Chanas et al. ( , 1993 , Bit et al. (1992) , Kuchta (1996, 1998) , Saad and Abbas (2003) , Chiang (2005) , Das and Baruah (2007) , Li et al. (2008) , Chen et al. (2008) , Lin (2009), Stephen Dinagar and Palanivel (2009) , Pandian and Natarajan (2010) , Mohideen and Kumar (2010) , Kumar et al. (2011) , Sudhakar and Navaneetha Kumar (2011) , Basirzadeh (2011) , Solaiappan and Jeyaraman (2014) , Rani and Gulati (2014) , Singh and Gupta (2014) and have solved transportation problems under fuzzy environment successfully. Kumar (2016) formulated the fuzzy transportation problems in two different situations and proposed method namely PSK method for solving the formulated fuzzy transportation problems. Nasseri and Ebrahimnejad (2011) proposed sensitivity analysis on linear programming problems with trapezoidal fuzzy variables. Saati et al. (2012) showed a two-fold linear programming model with fuzzy data. Biswas and Modak (2012) studied using fuzzy goal programming technique to solve multiobjective chance constrained programming problems in a fuzzy environment. Ebrahimnejad (2012) discussed cost efficiency measures with trapezoidal fuzzy numbers in data envelopment analysis based on ranking functions: application in insurance organisation and hospital. Pramanik et al. (2013) designed multi-objective solid transportation problem in imprecise environments. Shankar et al. (2013) developed fuzzy critical path method based on a new approach of ranking fuzzy numbers using centroid of centroids. Liao (2015) presented decision method of optimal investment enterprise selection under uncertain information environment. Pattnaik (2015) studied decision making approach to fuzzy linear programming problems with post optimal analysis. Gupta et al. (2016) presented a note on 'A new method for solving fuzzy linear programming problems based on the fuzzy linear complementary problem'.
But, in our daily life, the transportation cost, availability and requirements are not a fixed crisp numbers which are in the form of uncertainty and hesitation due to various uncontrollable factors like lack of good communications, errors in data and so on. Hence, the lack of certainty and hesitation in the parameters of transportation problems, several researchers like Jana and Roy (2007) studied multi objective intuitionistic fuzzy linear programming and its application in transportation model. Nagoor Gani and Abbas (2012) investigated a method for solving transportation problem in which all the parameters except transportation cost are represented by triangular intuitionistic fuzzy number (TIFN). Hussain and Kumar (2012a) presented the transportation problem with the aid of triangular intuitionistic fuzzy numbers. Hussain and Kumar (2012b) studied the transportation problem in an intuitionistic fuzzy environment. Hussain and Kumar (2012c) presented algorithmic approach for solving intuitionistic fuzzy transportation problem. Hussain and Kumar (2013) proposed an optimal more-for-less solution of mixed constraints intuitionistic fuzzy transportation problems. Pramila and Uthra (2014) presented optimal solution of an intuitionistic fuzzy transportation problem. Antony et al. (2014) studied method for solving the transportation problem using triangular intuitionistic fuzzy number.
Stephen Dinagar and Thiripurasundari (2014) solved transportation problem taking all the parameters are trapezoidal intuitionistic fuzzy number. Singh and Yadav (2015) developed efficient approach for solving type-1 intuitionistic fuzzy transportation problem where the supply, demand are triangular intuitionistic fuzzy numbers (TIFNs) and the cost is fixed crisp number. Singh and Yadav (2016a) discussed new approach for solving intuitionistic fuzzy transportation problem of type-2 where the supply, demand are fixed crisp numbers and the cost is TIFN. The transportation problem having all the parameters are mixture of crisp numbers, triangular fuzzy numbers and triangular intuitionistic fuzzy numbers is termed as type-3 intuitionistic fuzzy transportation problem or mixed intuitionistic fuzzy transportation problem. This type of problem was considered by Kumar and Hussain (2014a) . Aggarwal and Gupta (2014) proposed algorithm for solving intuitionistic fuzzy transportation problem with generalised trapezoidal intuitionistic fuzzy number via new ranking method. Chakraborty et al. (2015) proposed a new approach to solve multi-objective multi-choice multi-item Atanassov's intuitionistic fuzzy transportation problem using chance operator. Computationally simple and new method called PSK method for finding an optimal solution to fully intuitionistic fuzzy real life transportation problems was presented by Kumar and Hussain (2015a) . Kumar and Hussain (2015b) proposed a method for solving unbalanced intuitionistic fuzzy transportation problems. Srinivas and Ganesan (2015) presented optimal solution for intuitionistic fuzzy transportation problem via revised distribution method. Thus, several researchers have solved transportation problems under intuitionistic fuzzy environment.
As there is an uncertainty and hesitation in the parameters of optimisation problems, several researchers like Atanassov (1995) presented the ideas for intuitionistic fuzzy equations, inequalities and optimisation. He formulated the optimisation problems using the apparatus of the IFSs and he studied the importance of considering the concept of IFSs in optimisation problems. Further, he discussed that how to use the apparatus of the IFSs in optimisation problems. Angelov (1997) presented intuitionistic fuzzy optimisation for LPP in which the non-membership function is considered as the complement of membership function. Cherian and Kuriyakose (2009) proposed intuitionistic fuzzy linear programming problem with a non-membership function. Li et al. (2010) presented a ranking method of triangular intuitionistic fuzzy numbers and application to decision making. Dubey and Mehra (2011) studied linear programming problem in intuitionistic fuzzy environment using intuitionistic fuzzy number and interval uncertainty in fuzzy numbers. Parvathi and Malathi (2012) gave intuitionistic fuzzy linear programming problems which are based on fuzzy decisive set method. Kumar and Hussain (2014b) presented a method for finding an optimal solution of an assignment problem under mixed intuitionistic fuzzy environment. Kumar and Hussain (2014c) developed a new algorithm for solving mixed intuitionistic fuzzy assignment problem. Bharati et al. (2014) have proposed solution of multi-objective linear programming problems in intuitionistic fuzzy environment. Singh and Yadav (2016b) developed fuzzy programming approach for solving intuitionistic fuzzy linear fractional programming problem. Nishad and Singh (2015) presented solving multi-objective decision making problem in intuitionistic fuzzy environment. Kumar and Hussain (2016a) presented a simple method for solving fully intuitionistic fuzzy real life assignment problem. Kumar and Hussain (2016b) gave an algorithm for solving unbalanced intuitionistic fuzzy assignment problem using triangular intuitionistic fuzzy number. Thus, the applications of intuitionistic fuzzy set theory, several authors have solved either optimisation problems or other real life oriented problems under intuitionistic fuzzy environments.
Intuitionistic fuzzy transportation problem is a transportation problem whose decision parameters are intuitionistic fuzzy numbers. The objective of the intuitionistic fuzzy transportation problem is to determine the transportation schedule that minimises the total intuitionistic fuzzy transportation cost while satisfying the intuitionistic fuzzy supply and intuitionistic fuzzy demand limits.
In this paper, two different methods are proposed to find the optimal objective value of the type-2 IFTP in single stage. The existing ordering procedure of Varghese and Kuriakose is used to transform the type-2 IFTP into a crisp one so that the conventional method may be applied to solve the TP. The occupied cells of crisp TP that we obtained are as same as the occupied cells of type-2 IFTP, but the value of occupied cells for type-2 IFTP is the maximum possible value of supply and demand. On the basis of this idea the solution procedure is differs from TP to type-2 IFTP in allocation step only. Therefore, two different computationally efficient methods namely, method 1 and method 2 are proposed to find the optimal objective value in terms of TIFNs. It is much easier to apply the proposed method as compared to the existing methods. Moreover, errors of existing results proposed by Singh and Yadav (2016a) and validity of Pandian's (2014) method are reviewed.
Singh and Yadav (2016a) discussed real life type-2 IFTP and proposed results using intuitionistic fuzzy modified distribution method (IFMODIM). They compared their method by the existing algorithm (Antony et al., 2014) and suggested that their approach gives better solution. But Singh and Yadav's approach do not give better solution. For example, consider the real life type-2 intuitionistic fuzzy balanced transportation problem (Section 6, Example 3) proposed by Singh and Yadav's (2016a) and apply their approach to solve the same but that does not give any better solution when compared to proposed method. Basically, their solution does not satisfy all the rim (row and column sum) requirements. If all the rim requirements are not satisfied then automatically it does not satisfy the condition that total supply is equal to total demand i.e., the necessary and sufficient condition for the type-2 IFTP is not satisfied. From this, we infer that the obtained solution is not feasible. We know that, if the solution is not feasible definitely such solution is not optimal. So, the solution obtained by Singh and Yadav's approach is not optimal. Thus the solution obtained by Singh and Yadav's (2016a) approach is not suitable for their real life numerical example. Furthermore, we can give better optimal solution by using different methods which are discussed in this paper.
Consider the two TIFNs (say) then we cannot find out any optimal solution by using realistic method which can be proved by using the counter example in Section 6. The paper is structured as follows. Section 2 deals with some terminology. Section 3 consists the ranking of TIFN. Section 4 provides the definition of type-2 IFTP and its mathematical formulation. Section 5 presents the suggested approach to solving this problem. Section 6 provides the real life numerical examples, comparison of the suggested approach with the existing methods, results and discussion. The paper ends with some conclusions in Section 7.
Preliminaries
The following basic definitions like fuzzy number, triangular fuzzy number, intuitionistic fuzzy number and triangular intuitionistic fuzzy number, which are found in Atanassov (1999) , Klir and Yuan (2003) , Nayagam et al. (2008) , Guha and Chakraborty (2010) and Varghese and Kuriakose (2012) are used in this article.
Intuitionistic fuzzy set
Let X be a finite universal set. An intuitionistic fuzzy set A in X is an object having the
respectively, the degree of membership and degree of non -membership of the element x ∈ X to the set A, which is a subset of X, and for every element x ∈ X,
expresses the lack of knowledge of whether x belongs to IFS A or not.
For example, let A be an intuitionistic fuzzy set with μ A (x) = 0.5 and
1. It can be interpreted as "the degree that the object x belongs to IFS A is 0.5, the degree that the object x does not belong to IFS A is 0.4 and the degree of hesitancy is 0.1". The membership and non-membership function of A is of the following form:
Intuitionistic fuzzy number
where f 1 (x) and h 1 (x) are strictly increasing and decreasing function in [m-α, m] 
Here m is the mean value of A. α, β are called left and right spreads of membership function μ A (x), respectively. α′, β′ are represents left and right spreads of non-membership function ϑ A (x), respectively. Symbolically, the intuitionistic fuzzy number Ã I is represented as A IFN = (m; α, β ; , α β ′ ′ ).
Triangular intuitionistic fuzzy number
A triangular intuitionistic fuzzy number (Ã I is an intuitionistic fuzzy set in R with the following membership function μ A (x) and non-membership function ϑ A (x): ) 
Arithmetic operations on TIFN
Operations on IFNs plays a vital role in optimisation and decision making problems. By realising the importance of the arithmetic operations on IFNs, some authors like Shaw and Roy (2012) have proposed some arithmetic operations on triangular intuitionistic fuzzy number and its application on reliability evaluation. Mahapatra and Roy (2013) presented intuitionistic fuzzy number and its arithmetic operation with application on system failure. Arithmetic operations on IFNs based on (α, β) cuts are studied by Mahapatra and Roy.
The following definitions of the basic arithmetic operations on triangular intuitionistic fuzzy numbers based on the (α, β) cuts and ordering principles are taken from Varghese and Kuriakose (2012), Mahapatra and Roy (2013) and Kumar and Hussain (2015a) . 
Centroid of triangular intuitionistic fuzzy number
Ranking of alternatives in intuitionistic fuzzy environment plays a major role in decision making. Burillo et al. (1994) proposed definition of intuitionistic fuzzy number and studied its properties. A number of researchers like Grzegorzewski (2003a Grzegorzewski ( , 2003b 
Note 1 whenever the above formula does not provide finite value then we can make use of the following formula. The score function for the membership function μ A (x) is denoted by S(μ A (x)) and is defined by c be the cost of transporting one unit of the product from i th origin to j th destination, a i be the quantity of commodity available at origin i, b j be the quantity of commodity needed at destination j, x ij is the quantity transported from i th origin to j th destination, so as to minimise the total intuitionistic fuzzy transportation cost satisfying supply and demand constraints.
Mathematically type-2 intuitionistic fuzzy transportation problem can be stated as 
where m = the number of supply points n = the number of demand points.
Optimal solution of type-2 intuitionistic fuzzy transportation problems

Proposed method I
The optimal solution of type-2 intuitionistic fuzzy transportation problem (P 1 ) is the set of non-negative integers {x ij } which satisfies the following characteristics: 
Step 1 Construct the intuitionistic fuzzy transportation table for the given type-2 intuitionistic fuzzy transportation problem.
Step 2 Step 3 Solve crisp linear programming problem, obtained in step 2, to find the optimal solution {x ij } using Varghese and Kuriakose's ranking index 
Proposed method II
Step 1 Consider the TP whose supply and demand quantities are crisp numbers and cost is intuitionistic fuzzy numbers. This type of transportation problem is named as type-2 IFTP.
Step 2 Examine whether the total supply equals total demand. If not, introduce a dummy row/column having all its cost elements as zero and supply/ demand as the positive difference of supply and demand.
Step 3 After using step 2, of the proposed method now, calculate ranking index for all the intuitionistic fuzzy numbers using the ranking procedure of Varghese and Kuriakose.
Step 4 Now, construct the classical transportation using step 3 of the proposed method and solve the same using any one of the classical method. This step yields the optimal allocation and optimal objective value of the crisp TP (This optimal allotted cells in crisp transportation table is referred as occupied cells)
Step 5 After using step 4 of the proposed method, now check if one or more rows/columns having exactly one occupied cell then allot the maximum possible value to that cell and adjust the corresponding supply or demand with a positive difference of supply and demand. Otherwise, if all the rows/columns having more than one occupied cells then select a cell in the α-row and β-column of the transportation table whose cost is maximum (If the maximum cost is more than one i.e., a tie occurs then select arbitrarily) and examine which one of the cell is minimum cost (If the minimum cost is more than one i.e., a tie occurs then select arbitrarily) among all the occupied cells in that row and column then allot the maximum possible value to that cell. In this manner proceeds selected row and column entirely. If the entire row and column of the occupied cells having fully allotted then select the next maximum cost of the transportation table and examine which one of the cell is minimum cost among all the occupied cells in that row and column then allot the maximum possible value to that cell. In this manner, repeat this process until all the supply points are fully used and all the demand points are fully received. This step yields the optimum allotment table.
Step 6 Now, calculate the optimal objective value of the original type-2 intuitionistic fuzzy transportation problem by putting the values of 
Example: 1 real life type-2 IFTP
A firm has three factories S 1 , S 2 , and S 3 that manufacture the same product of air coolers in three different places. The firm manager would like to transport air coolers from three different factories to three different warehouses D 1 , D 2, and D 3 . All the factories are connected to all the warehouses by roads and air coolers are transported by Lorries. The availability and demand of air coolers are well known crisp numbers. But the transportation cost is not known exactly due to variations in rates of petrol, traffic jams, weather in hilly areas etc. So, crisp cost, crisp demand and uncertain transportation costs (rupees in hundreds) for an air cooler from different factories to different warehouses are given in Table 2 from the past experience. Find the optimal allocation which minimises total intuitionistic fuzzy transportation cost.
Method 1 (example: 1) LPP method for solving type-2 IFTP
Step Step 2 Using step 2 of the proposed method, the formulated intuitionistic fuzzy linear programming problem (IFLPP) Using definition 2.3 and Section 3, the values of ( ) , 
Using the values of ( ) I ij c ℜ the crisp linear programming problem obtained in
Step 2, may be written as: 
Step 3 Solving the crisp linear programming problem, obtained in Step 2, the optimal  solution is   11  12  22  23  33 8, 10, 6, 6, 4 x x x x x = = = = = and the total minimum intuitionistic fuzzy transportation cost is (202,588,1256)(74,588,1384) .
I
Min Z = Varghese and Kuriakose ranking index corresponding to minimum total intuitionistic fuzzy transportation cost is 682.
Method 2 (Example: 1) Modified distribution Method for solving type-2 IFTP
Solution: Now using step 2 of the proposed method, we get 1 1 34,
given problem is a balanced type-2 IFTP. Now, using step 3 of the proposed method, calculate ranking index for all the intuitionistic fuzzy numbers using the ranking procedure of Varghese and Kuriakose. Then we get the revised transportation table as shown in Table 3 . After using step 3 of the proposed method, the optimal allotment of the above problem is in Table 4 . The minimum objective value Z = (19×8) + (28×10) + (17×6) + (16×6) + (13×4) = 682 After using step 4 of the proposed method, now using step 5, we get the optimal allotment directly to the given type-2 IFTP is shown in Table 5 . Thus, the optimal solution to the given problem is Hence the method (1) and (2) gives the same optimal solution. The optimal solution of IFTP, chosen in Example 1, may be obtained by using the following steps of the proposed method. (Pandian's, 2014) 
Method 3 (Example: 1) Realistic Method for solving type-2 IFTP
approach)
Consider the example (1) and rewrite it as a FIFTP which can be represented by Table 6 . Sivakasi S 1 (7,21,29)(2,21,34) (7,20,57)(3,20,61) (12,25,56)(8,25,60) (18,18,18)(18,18,18) Kollam S 2 ( 8,9,16)(2,9,22) (4,12,35) (1,12,38) (6,14,28)(3,14,31) (12,12,12)(12,12,12) Nagercoil S 3 (5,9,22)(2,9,25) (10,15,20)(5,15,25) (4,16,19)(1,16,22) (4,4,4)(4,4,4) Demand b j (8,8,8)(8,8,8) (16,16,16)(16,16,16) (10,10,10)(10,10,10) Now, consider the problem (P 1 ) (refer to Table 7 ). By solving this problem using proposed method (1) and (2) we get the optimal solution ( )
Now, consider the problem (P 2 ) (refer to Table 8 ). By solving this problem using proposed method (1) and (2) we get the optimal solution ( ) 
Now, consider the problem (P 3 ) (refer to Table 9 ). By solving this problem using proposed method (1) and (2) we get the optimal solution ( )
Similarly we can apply the proposed method (1) and (2) then we can get the optimal solution for the problem (P 4 ) and (P 5 ) as follows ( ) 
From the above, the solution of problem (P 1 ) and (P 2 ) is same. The solution of problem (P 4 ) and (P 5 ) is same but the solution of problem (P 3 ) is entirely different from the problem (P 1 ), (P 2 ) (P 4 ) and (P 5 ). So, we cannot write any solution to this type of problems whenever we apply Pandian's approach.
Hence, if any intuitionistic fuzzy transportation problem having supply (say) then we cannot find out any optimal solution by realistic method.
Example: 2 (method 1) LPP method for solving type-2 IFTP
There are four sources (rows) and four destinations (columns), all the sources are connected to all the destinations by roads and the goods are transported by trucks. The supply and demand of goods are well known crisp quantities but the transportation cost is not known exactly (due to variations in rates of petrol, traffic jams, weather in hilly areas etc). Hence crisp supply, crisp demand and unit transportation cost (given in terms of TIFNs) are given in Table 10 . Find the optimal allocation which minimises total intuitionistic fuzzy transportation cost. 
the given problem is balanced. Now, using step 3 of the proposed method, we get the following crisp TP as shown in Table 11 . After using step 5 of the proposed method, the optimal allotment of the above problem is in Table 12 . The minimum objective value Z = (50×4) + (61×6) + (111×1) + (71×7) + (48×4) + (64×5) + (87×1) = 1773 After using step 5 of the proposed method, now using step 6, we get the optimal allotment directly to the type-2 IFTP.
The optimal solution to the given type-2 IFTP is (Singh and Yadav (2016a) 
)
The data is collected from a trader of Chandigarh, India (the data is provided with the legal agreement that the name of the trader will not be disclosed), which supplies a product to different companies after taking that product from different sources. There are three plants denoted as S 1 , S 2 and S 3 which supply the product thermo mechanically treated (TMT) steel to four different destinations D 1 , D 2 , D 3 and D 4 . This finished product is made from raw materials INGOT and BILLET. Due to several uncertainties (variation in rates of diesel, traffic etc.), the trader is not certain about the transportation costs. Also due to some uncontrollable factors (such as weather in Hilly areas), the trader hesitates in prediction of transportation cost from different resources to different destinations. According to the past experience of the trader the transportation costs per ton (in rupees) are estimated as triangular intuitionistic fuzzy numbers after a thorough discussion. The trader is certain about the availabilities and demands of the materials, so these parameters are represented by real numbers. Supply, demand and intuitionistic fuzzy costs are all shown in Table 13 . The trader wants to find optimal transportation so that the intuitionistic fuzzy transportation cost is minimum. 
I
Min Z =
Method 2 (example: 3) modified distribution method for solving type-2 IFTP
On solving the intuitionistic fuzzy transportation problem (Table 13 ) by using the proposed method (2), the optimal solution and the total intuitionistic fuzzy transportation cost is given by (12585000,13425000,14395000;12290000,13425000,14860000).
I
• Its crisp value is 13,501,582.95
Therefore, the solution obtained in this method (intuitionistic fuzzy modified distribution method and intuitionistic fuzzy zero point method) is similar to that of proposed Method 1 and proposed Method 2.
Further, 1 2 3 .
I I I
Min Z Min Z Min Z < < This implies that the solution obtained by the proposed methods is better than the existing methods (Singh and Yadav, 2016a; Antony et al., 2014) . Table 14 represents the comparative study. Therefore, in this paper the author have suggested that the following comments 
